Biosurfactants are derived from plants and microorganisms such as fungi, yeast, and bacteria. Biosurfactants are also called natural surfactants which are amphiphilic biological compounds comprised of both hydrophilic and hydrophobic moieties. The environmental concerns about the effect of toxic and conventional surfactants have increased the demand for renewable and biodegradable surfactants with low toxicity and other useful effects. Therefore, the application of biosurfactants has gained much attention in different industries mainly in petroleum, food, cosmetic and pharmaceutical products. This review summarizes the utilization of biosurfactants as emulsifying, wetting, foaming and antimicrobial agents in various industrial processes along with their promising availability and ensuring environmental quality.
Introduction
Biosurfactants are also known as surface active biocompounds comprised of both hydrophilic (showing affinity to polar materials) and hydrophobic (having affinity to non-polar materials). The hydrophilic part of the surfactants are composed of amino acids, carbohydrates, phosphates, cyclic peptide, alcohols or carboxylic acids. However, the hydrophobic portion, are based on the long-chain fatty acids, α-alkyl-β-hydroxy fatty acids or hydroxyl fatty acids [1, 2] . Currently, biosurfactants have gained much attention due to their advantages over the chemical surfactants in terms of their low toxicity, environmental capability, biodegradability, renewability, availability of natural resources, desirable functionality, and better availability for a wide range of pH values and temperatures [2, 3] . Hence, these properties enabled them to be a promising component with a wide range of application in many industries, especially for heavy metal removal in contaminated soil [4-6], microbial enhanced oil recovery [7] [8] [9] [10] , therapeutic agent in cosmetic and pharmaceutical products [1, 11, 12] . Biosurfactants have the same functionality as the  chemical synthesized surfactants, such as lowering the  surface and interfacial tension, emulsification,  solubilization, foaming, dispersion, wetting, antimicrobial activity, cleansing and many other useful properties. However, in many cases biosurfactant are considered much better compared to the synthetic surfactants, especially in terms of environmental capability. Generally, biosurfactants are classified in two categories. Low molecular weight and high molecular weight. Low molecular weight biosurfactants have excellent surface properties due to their simple structure including glycolipids lipopeptides and phospholipids. However, high molecular weight biosurfactants are effective for emulsification and stabilization, as their major classes are polymeric and particulate biosurfactants [1, [12] [13] [14] . In addition, another important characteristic of biosurfactants is hydrophilic-lipophilic balance (HLB) which specifies the value of hydrophilic and hydrophobic compounds in surface-active substances. Fig. 1 shows a surfactant monomer with both hydrophilic and hydrophobic parts. The HLB affects the stability of the emulsion. A low HLB value of the surfactant indicates a hydrophobic (containing more nonpolar groups) preferred for waterin-oil (W/O) emulsions. While, a high value of HLB (with more polar groups) forms an oil-in-water (O/W) emulsion. Table 1 indicates a summary of HLB ranges and their applications [15] . The objective of this review was to collect information about different applications of biosurfactants as emulsifying, wetting, foaming and antimicrobial agents in various industrial processes along with their promising availability and ensuring environmental quality.
Physicochemical properties of biosurfactants

Emulsifying property of biosurfactants
Generally, biosurfactants exhibited an excellent emulsifying activity by reducing the surface tension of water and oil. The ability of biosurfactants as emulsifying agent is related to hydrocarbon structure. Biosurfactants can stabilize many hydrocarbons such as tri-decane, tetra-decane, hexa-decane, methylnaphtalene, heavy and light crude oil, diesel, kerosene, benzene, and many other forms of hydrocarbons [8, 13, 17] . Peele et al. [18] , tested the emulsifying activity of biosurfactant produced by marine bacterium against different hydrocarbons such as benzene, xylene, kerosene, diesel and petrol. Based on their evaluation the produced biosurfactant was able to stabilize the emulsions for more than one week. In addition, Camacho-Chab et al. [19] , found that biosurfactants can perform better than gum Arabic.
Wetting property of biosurfactants
Wetting is an essential process in which the phase of on liquid is displaced by another fluid from the surface of a solid. The wetting ability of a surfactant is described by contact angle θ of a liquid drop on a solid surface [20] .
Generally, reduction of surface or interfacial tension is also known as the most important properties of surfactants in an emulsion. Basically, in a liquid the surface molecules are more energized than the interior molecules. A good surfactant must produce a good wetting efficiency with a desirable contact angle and surface tension. Furthermore, the wetting property of a surfactant indicates the ability of a liquid to cover the solid surface. Whereas, the degree wettability of a surfactant is specified by a balance between adhesive and cohesive forces. The force between a liquid and a solid that allow the liquid drop to spread across the surface is called adhesive force. While, cohesive force is a force that prevents the liquid drop to make contact with the solid surface and cause the drop to ball up [21] . Lee et al. [22] , studied the contact angle of two different biosurfactant and he found that both surfactant systems indicated a contact angle of less than 39°. A contact angle of θ =180° means that the liquid makes no contact with the solid substrate and is called non-wetting. However, when 180° > θ > 90° in this case these surfactants have hydrophobic feature and tend to stabilize W/O emulsions and may refer to poor wetting. On the other hand, when 0° < θ < 90° indicates that wetting of the surface is favorable and these surfactants show hydrophilic characteristic which are suitable for O/W emulsions. Whereas, when the θ = 0° the liquid spreads on the surface of substrate and a complete wetting occurs [8, 15, 20, 23] . Fig. 3 shows the wetting ability of surfactants with various contact angles on the substrate. The contact angle of a liquid is the physical measurement of three interfacial tension values as presented in Young's equation (Eq.1) [24, 25] . Fig. 4 represents these interfacial tensions.
Where, θ is the contact angle, ϒs is surface tension of solid, ϒL is surface tension of liquid and ϒsL is interfacial tension of liquid and solid of solid-liquid interface free energy.
Foaming property of biosurfactants
Foams are colloidal systems containing a gas as the dispersed phase and liquid or solid as continuous phase. Generally, foams have two different structures which may occur in spherical bubbles and foams containing polyhedral cells. In addition, their structure has tendency to change under the gravity, when the foams are in liquid form they obtain a spherical shape, however their structure changes to a polyhedral form when they get dry [26] [27] [28] , as shown in Fig. 5 . The foaming characteristic of surfactant solutions is also known as an important property which can define the foam volume of a liquid. Thermodynamically, foams are unstable systems while they can be stabilized by surfactants. In fact, the foamability and stability of foams increase with increasing the surfactant concentration up to the critical micelle concentration (CMC). However, above the CMC there is not any significant effect. The stability of foam decreases with the presence of oils and other particles [29] . Jian et al. [30] investigated the foamability and foam stability of a biosurfactant named tea saponin (TS). Through their research, they found that TS were able to produce foam but its foamability and stability increased when it is mixed with the synthetic surfactant.
Antimicrobial property of biosurfactants
Biosurfactants have been widely used as antimicrobial agent in food and medical industries. Basically, the naturally occurring glycolipids and lipopeptides in biosurfactants increase their antimicrobial feature [2,12,17,31]. Doheim [32] and Gomaa [33] studied the antimicrobial activity of biosurfactant and they claimed that biosurfactant showed a good antimicrobial activity against different bacterial and fungal species. Besides, it has been reported that the antimicrobial activity of biosurfactants make them a promising compound for therapeutic application [34] [35] [36] [37] .
Conclusions
Understanding the application of biosurfactant in emulsification, wetting, foaming and bacterial removal, challenges that more biosurfactants need to be investigated. This review found that the nature of biosurfactants makes them a promising molecule due to their availability, biodegradability, low toxicity, and renewability. Therefore, these compounds can be used in food, cosmetic, medicine and many other products related directly to human's safety. 
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